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SUMMARY

Onduy 10, 1987, theNationd Institutefor Oooupetiond Sty and Hedlth (NIOSH) recaived areguest for a
hedlth hezard evdugtion from employess a Rockcadie Manufadiuring, Mount Vemon, Kentudky. NIOSH wes
asked to evduete complaints of heedaches buming eyes neuss, vomiiting, fainting, and adverserqrodudive efedts
among arploysssa thisfadlity, which febricates manisunifamwaork pents

On Sgatember 89, 1987, NIOH investigators conducted acombained environmentd and medica evalugtion.
Rersord bregthing zoneand genard areaar samplesfar farme dehyde, arganic vgpars and patticulatesweare
odllected, petches of theresinvregted fatrics usad in gammant menufadiure were dotained for detemingtion of
fomedehyderdesse, and confidentid intavienswearehddwith earployess

Becauseanumba of ventilation and work pradicedrengeswearemedefdloning theinitid stevist, afdlon-up vist
wasmedeon January 12-14, 1988, Exposuremonitaring for forme dehyde and particulateswas pafamed, and a
quesioarewasadmingaed to enployessto daaninformeion on vaioussmptoms induding musouloskded
prablems and, for women, thar reprodudive histary. Thequesiomairewes sart to fomer erployesswiho
worked any timedfter September 1, 1984.

Fomddahydear sampling reautsfromtheinitid survey ranged from 0.14 pomto 046 pominfive pasord
bregthing zone (FBZ) ar samples and from 0.32 ppm to 0.70 ppmin 13 areadr samples datained throughout the
pat. Ontrefdlon-up Lrvey, formddenyde exposreswerelowver, with PBZ concantrationsranging from 019
pemto 021 pom, and from 0.18 ppm to 0.22 ppm in areadr samplesaatained in produdion departments: The
formedehyde dtad o howed lessvaiation betwean departmentsand job dassficetions: All formeldehyderesuits
weaebdow the OSHA and ACGIH evduion exposurelimitsof 1 ppm, asan 8hour TWA. NIOH, honvever,
congdasfamddeydeapatentid caranogen, and recommandsthet fomadehyde expoaresbereduced to the
lonved feeshlelevd.

Fomdddhyderdessefrom 8 falric samplesranged from 163 micograms of fammeldenyde per gram of felric
(uigm) to 1430 uyigm. Two samplesthet wereaured priar to andyss showed redudionsin forme dehyde
rdesseof 425% and 735%.

Of the4 PBZ arganic vapor air samples adllected on charcod tubes only 1,1,1-tricHiorogthene was detected, with
dl vduesbdow 03 pom. Thecuraet OSHA PEL far 1,1 1-tridnorogtheneis
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350 ppm, ssan8-hour TWA. Tatd paticulate conoantrationsin 4 PBZ ar sanplesranged from 017 mgfi to
212 mg/n?, and from 0.02 mg/i? 10 042 mgyin? in 5 arepair sarples datained & sevard locationsthroughout the
pat All resitswerebdow the OSHA and ACGIH guiddinesfor nuissnoe patticulates, 15 mgfin?® and 10 g,
repedively. Becausethese particulaes may containlow levdsof fammeldehyde, the commonly usad nuisancedugt
aitaiamay nat begppropriate

Thereponseraefor the quesionnaire urvey was 98% among aurant anployess but only 18% among fomer
empoyess Thequetiomareddashowed thet therewas asidtidicaly Sgnificant devated rete of birth defedts
dillbirths and premeture birthsinwomenwho were pragnent whilewarking & Rockcadle Manufaduning, s
compared withwomenwho were pregnent whilewarking dseahere, ar withwomenwho werenat working
ousdethehome A concantration of theseadvarse outcomes cooured in 1986. Therewasno Sgnificant difference
inwork aress betwean thosewho hed adverse pregnency outcomesand thosewho did nat.

Themod frepuently reported nonHmustuloskdetd symptomsamong aurant employesswarelinitation of theeyes
(27%0), noe(23%), and heedadhes (22%0). Mustuloskded complantsweareeven more prevaat, with 38% of
the respondentsindicating they hed frequient shoulder pein, 35%6 nedk pain, and 35%o lower bedk pein.

Theewvironmentd daacdledtad indicate thet employessareexposad tolow levds of farmeldehyde. The

reported symptoms of eye, resairatary, and skinimitation, and heedeches are competiblewith theseexpoaures
Although agatidicaly Sgnificant devated rate of adversereprodudtivie autcomes wias documantaed, thesefindings
could nat beassoaaed with aurent workplaceexposres: Sncefarmdddhydeisapatentid cardnogen and hes
imtant propertiesa low levds recommendationsto further reduce expoauresto thelowest feesblelevd aremedein
Stion VIII of thisrgpart, dong with recommendtionsfor evaugting potentid egonomic hezadsand for
monitaring fuiLre reprocudive auicomes of employess
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imtation, reprodudive dfedts pod-curefarics



INTRODUCTION

Onduly 10, 1987, the Nationd Ingtitute for Oooupetiond Sefety and Hedlth (NIOSH) received acorfidentid
request for aHedlth Hazard Evaugtion fram an autharized enployee rgresantative a Rodkcadie Manufaduning,
Mount Vanon, Kentucky. Therequest concemed complaintsof heedeches buming eyes neusss, vomiting,
fanting, and adverergrodudive efeds

On Sgtember 89, 1987, aninitid stevist was condudied to evduate employee expoauresto fomeldehyde,
organic contaminants and particulates and to invedigete adverse hedlth effects reported among thelabor foroe
Rrdiminary recommencitionsregarding locd exhaud vartilaion, preventive meaintanenoe, and work praciosswere
medein aleter to Rockcadle dated September 22, 1987. Becauseanumber of vantilaion and work pradtice
dengeswere mede Sbseuant to thisvist, afdloa~up envirormenta survey wias condudied on

Jauary 12-14, 1988. A hedth quesionarewasadmingeaed duing thefdlow-up investigaion to dotan
informetion onwaork history, medicd higtary, and symptoms exparienced by employess: Anidanticd questionaire
wasmaled to fomer Rodkcaatie Manufadiring employess and curat employesswho hed ben dosant theday
thequetionnairewasadmingael

BACKGROUND

RodkcagleManufaduing isaaut-ancksaw plant which fabricates manisunformwork perts: At thetimed this
evdugion, thereware goraximatdy 190 produdion erployessa thisfaality, themgianity of which (eround 8520)
operated saving mechines: Theremainingindvidualsworked sspressgparatars oven gparators autters,
Jreedas duerayars bundes and mantenenceworkea's

Cdluose-contaning farics having a65%6 palyesta’/35%/0 catton blend are used to fabricate thework pants These
fabricsare datained from attextilefiniding company, wharethey areimpregrated witha
dmehlddhydraxyethyleneurea (DM DHEU)Hoesad resnsydem. Thisreantrestmant impartsduradlepress
properties dimendiondl statility, and other impartant propertiesto adllulcsic textiles (eg. aotton, rayon and Hends)
Themenufecturing processusad a thisplant iscongdered apog-aure process which rfersto thefadt thet theresin
is"aured" or chamicdly bonded to theferic dfter the gament hesbeenfatricated. Formeldehyderdessefrom
uncured DMDHEU resnHregted faticisthought to result from surface desorption of noncovaently bonded (or
"fred") formeldehyde, aswll asfrom thehydrdysisof theformedenyde-cdliulosehamiaoatal bonds? Theresin
famulation hesrepartedy dnenged over theyears inanefart to reduce forme dehyde emisson from the trested
faics

Themenufaduring fadlity islocated inawarehouse df shest meta condrudion, having gppraximetdy 12,000 suere
fet of ogpengoece Rdllsdf faric aredored inthefaric sorege areauntil nesded, ganardly lessthen 90 daysfram
recaipt. Thefaricisunrdled onatablein thegoreeding areg, forming many layers of felric. Pattem pecesareaut
fromthelayas usng sassorsar precut dies and sorted by type. Felric bundesarethen tekentothegueroom
wherethe edgesare grayed with an agueous aaylicamudon, to prevert ravdling. Thisgparationispafomedina
gray boath, inaroom adeoat tothesanving area. Thefaaric bundesarethen ddributed to the goprapriae
workdations (aress 1-4), where they aresavn and essembled into perts: Conventiondl sewing mechinesareussd
dangwithafew automated mechinesfar goeddized gparationssuch asbdtlogps After ingoedtion, thegamants



arepresd, tofom areases and arethen hested in a325°F ovenfar apariod of goproximetdy 15t0 20 minutes
toimpat thepog-aure Thefinished gamentsarethen moved to the peckaging ares, wherethey arefdded, boxed,
and lebded

Duing thisevdugtion, theusedf ather dhemicd egaisweslimited to apardhloroghylene ray ussd asagatting
agant for salled gamants aslicone ray, containing petrdeum didtillates, used ssamedhirelulricat; ada
1,1, 1-tichioroethene olvent and degyessing Joray.

Thepat ventilation congdsof 3redradating ar hending unitshaving lbath hegting and codling cgpeatty, and afew
exhaud fanslocated inthefaric doregeareaand by theauing ovens: Locd exhaudt ventilation hed besningtdled
abovethetwo cuing ovansafew yearspriar tothissurvey. Pededd fansand gpen doarsaredo usad as
dementd venilaion, primaily duing thesumme months

Asprevioudy noted, sevard ventilation and workpradice drangesware mede diter theiniid NIOSH stevist.
Thesedengesinduded thefdlowing: (1) inddlation of exhaugt ventilation ebovethe deam presstebles (2)
ingtellation of canopy hoodsabovethethreefly presssitions (3) inareesing theamount of outsdedr Spdliedtothe
plant by inressing the opening of theair Ly lowvresonthettreeair hendling units (4) inddlation of acdiling
exhaugt sydem abovethe saning ares, with a10,000 aubic feet par minuie design oedification, (5) indallaion of a
recdving hood in theareawhere oot deaning of salled gamantsis pafarmed, and (6) regdlading, far themodt part,
thepradiced owing lint fromworkstationswith compressad ar (and SUossouent dry sivesping of thefloors) with
vaouuming, whichwaes pafamed on bresksand a theend of thewarkdhift. Inaddition, the pardiarogthylene
oray usad for deening sailed gamentswasrgdlacad with a1, 1, 1-richiorogthene goray.

METHODS

A. BEwvirommatd Brdudion

Intidd Suvey

On Sgptamba 9, 1987, exposre monitaring for fomaldehydewes paformed. Rvefull-ahift parsond
bregthing zonear samplesfor forme dehyde were adllected from the two oven oparaors adeem press
opaaar, afly pressopardar, and thegue graye. Sampleswere adlleted using Chvomosarb-102 sdlid
Sorbant tubesimpregneted with 2{(berzylamino)ethend and parsond sampling pumps cdlibrated a

O millilitersper minute (M/min). Sampleswareardlyzad by gesadrometogrgahy (GC) inacoordencewith
NIOSH Method 25023 Fourteen areadr samplesfor fommadehydewere adllected a sevard locations
throughout the plant, induding the aress near the presses; auring ovens gueroam, falric doregeareg, ad
sningaea Air samplesadleted inthe pressand sewing aresswere datained within two fedt of the
gparaion and & brething zonehaight, inan effart to abtain samplesrgresnidive of enployesexpoares
Areadr sampleswaredso dataned in the conference rcom for comparison. Two shart-tem, 15-4minute
duraion ar sampdeswereadlected for famme dehyde near the curing ovensfdloning theremovd of aradk of
patsfromtheoven. All areaar ssmpleswere collected and andlyzed acoording to NIOSH Method 35003
Thismehod ulilizesa 1% sodum bigufite sdution asthe dosaring media. Sampling was condudied over the
entireworkdhift using cdibrated, persondl sampling pumps oparating & flowrates of 05 litarspar minute
(Lpm).



Ten bulk febric samplesware adllected for latart fomeldehydeardlyss Patchesdf falric of varyingcdars
weredatainad from thefaric soregeares, dong with samples of the nevy falricwhichwasbaing usad during
thisaurvey. Tooomparelaent fammedehydelevdson thesefaarics addtiond fabric ssmplesweareadlledted
beforeand dter they wereaured. Individue felric ssmpleswere siored in sedled, polyethylene begs until
andyzed Sampleswareardyzed for latent formeldehyde using amethod developed by Burdington
IndLdries* Thiscdaimetric method isbesed onthe American Assodation of Textile Chemigsand Cdarists
(AATCC) sded jar method, Test Method 112-1984, and was ariginelly devel opad to assessforme dehyde
relesse under word-case torage conditions® Themethod invalves avigpor extradtion procsdureto meesLre
formddehyde rd eesefrom aweaghed petch of falric which hesbeen ugpended over water, inaseded ja,
and heted & 50°C far 20hours: Theconditionsof thetest aresuch thet bath freefomel dehyde and
famddedhydefrom hydrdyssaremesared

A buk ssrded theaqueous aaylicemulson usad to preveant ravdling of falric edgeswes andyzed by
infrared oedrosoopy. Waler wesevgparaed fram thesample, leaving afilm of thepdlymer. Thepayme
wasthen dssdlved in aodiong and athinfilmwes ceg onasdt plate. Aninfrared goecrum wsthen dotained
o thepdymer filmfor further identification of thecomponants

Hght ar ssmpdeswereadledted for arganic vigpor andlyssusing adharcod tubesampling tedmique: Areaar
sampdeswareddtanad inthegueroomandintheovenaea. Rarsord bregthing zonear ssmdesweare
adtained onindvidudswarking inthese aress aswidl asbyy thepressss. Onedf thear sampleswas adllected
inthe heedypece df thedue contaner to identify vdatile componenis of thisprodud. Rgresaniaivesanpes
weareandyzad usng ages dromatogrgoh euipped with amess sdedtive detedtor (GC/M D) for pesk
identificaion Theramaningsamplesweareardyzed far gadhiiorohydinand aorylaes (componanisof the
due), asswl sscontaminansidentified inthe GCM D ardlyses

Four parsord bresthing zone (PBZ) and oneareaar sampleweare adllected for totd particulates (dust and link)
usng 54miaon (Um) poresze paywinyl dlanide (PVO) filtersand calibrated, bettery-operated sagling
pumpsoparaing & flowratesof 1.5 Lpm. Jobswhich gapeared to havethe grestest patentid for dust
exqposrewaresHedted, induding maintenance, tum and ticket, Joreeding, and auting. Sampleswere
oollected and andlyzed in accordance with NIOSH Method 06003

To addressaconoam regarding heet expoaLre, temparaiure and rdaive humidity detlawere cdlledted &
svad locaionswithin the plant using albettery-operated psydromde.

Fdlow-up Suvey

Thefdlow-up Srvey was conducted on January 12-14, 1988, Tensdsof ar samplesfor fomadehyde
weareadleded ove theentireworkshift, induding three persord breathing zoneand seven genad areaar
smdes Sarpesweaeadleded inmany of thesamearess o jasason theinitid surnvey, far comparison
Sdeby-sdesarpeswaeadleted usng three differant forma dehyde sspling tedniquees theliquid
impinger method (NIOSH Method 3500), the salid sorbent tube method (NIOSH Method 2502), and a
pessvediffuson method ulilizing Bacherach AirScat Formddehyde ExppoareMaonitars: The purposefar
metching the pessve monitorswith theimpinger and sorbant tube sampleswasto dosarve the parfomeance of



thremonitarsinthefidd, by compaing theresitswith thosefrom establihed ar sampling methodsfor
fomddehyde Howratesaf 05 Lpmand 008 Lpmwere usad to cdlledt theimpinger and sorbent tube
samples repedivey.

Areaar ssdeswerecdlledted for andyssof toid paticulaesin saving aess 1-4. Sampleswae
adlected by drawing air through preweighed PV Cfilters using cdlibrated air samgling pumps aparaing &
flowrates of goproximatdy 2 Lpm. Samaling and andlysswere parformed in accordence with NIOSH
Method 06003

Tempadureand rdaive humidity messremanisware again medkethroughout the dey & severd wark
daions usng abettery-operaed psydromde.

Mexice Evelugiion
Intie Suvey

On Sgptembar 8, 1987 aninitid medicd evduaionwesmeded Rodkcadle Thismedicd invetigetion
congged of norHandomiintgvienving of employess review of OSHA 2001ogs and infomel intavienswith
menegamat. Thepupoed theinevievswasto datan infarmetion on pest and caurent dhemicd and
physcd agantsinthework evironmeant and identify the advarse hedlth effets of primery conoamto thelabor
force

Forty-two employesswere privatdy intarviewed, induding 36 houly empoyessand 6 Lpavisors (35
womenand 7 man). Infametion wias datained on eechindividue'slength of enploymant & Rodkcedle
Manufadturing, wark hebits locationwithin the plant, and pressnce or dosence of oocoupetiorelly rdaed
aveehadth efeds Hedth dfedswearenat categorized aspatentialy cooupetiond unlesstheemployee
identified them as coouning exdusivey o predominently & work, or gpedified plausbleand pedficwork
conditiorswhich rdated the symptom(9) towark. Toad in casefinding, thoseintavieved wereasked to
identify fdlow empoyesswhomtthey thought might havesmilar helth complants

SHedionfor intaview wasnat random; therdfare, thefdloming interview findingswere used nat to aseess
ovadl prevdenced symptomsiout to Suggest aresswhich Should bedudied more comprehansively through
afomd quesiomare Faty-onedf the42 employessintavieved comdaned of buming eyeswhilea
work. Ffty-ax paroat of theseamployessfdt thebuming coourred onadkly or regular begs with 12%%6
datingsymplomswearewarein themaming whenthey firg amiveed, and 1296 dating thet the buming hed
lessnadinthelagt month. Forty peroant of parsonsintaviewed complained of abuming noss and 3% of a
rethroet. Twenty-9x parcant complained of cocesond or freguent neussaandlar vamiting a work; 43%
dated ather thet they have heedeches only a wark, or thet thair heedechesaremorefrequent andlor severed
work compared towhenthey coour avay fromwark. Almost 3% of thoseintevieved atributefeding
lightheeded or faining a work toworkplace conditions In addition, anumber of workersvdunteared ather
hedlth effedsthet they bieveto bework-rdated, induding musouloskded injuriesand complants rashes
and heat exhaudion. Threewomen rgparted having hed an aononmd soreaning test for carvicd canoar with
st medicd thargpy inthe pedt year.



Thaewaesevad patensaf compants Asprevioudy mantioned, complantsof buming eyeswaemore
prevdent intheeay maming, anhat or humid days andwhenit raned. Campainisof buming eyesweeless
prevdent in the prececing month, which somewarkers attributed to the recant increesein use of fansand gpen
doarsfor ventilation. Theworkerswho reported reshes bdieved thet the absance or presance of resh varied
withthecdor of febricinuse

Bghtwomeninteviemved reported advarsereprodudiveeffeds: 1n addition, numerous Rockcedlle
employessdaad thet they parodved ahigh rale of micariageamong cowarkas: Although some
employesshdieved theexaessof miscamages begen aoout oneyerr dter thedlant gpened, themgjanty
bdieved the excess ooourred primerily during the preosding two years: Concam wias o exressad thet the
raedt hirth ddfectsamong children of warke'smay dso havebeendevated

Fdlow-up Suvey

Basad on the prodems expressad during thenontrandominitid interviews agquestiomarewasdesgned to
Odaminetheraedf miscamages birth defects and premature hirths aswel astheprevadenceof
musculoskddd and ather hedth complanis Thisquesiomarewesdidributed todl erpoyessduinga
fdlon-upvist on January 13, 1987. Anidentical quesionnaire, aswl asanefdlow-up reminder letter, were
st todl fomer enployesswhowarked any timedfter Sqatember 1, 1984

V. EVALUATION CRITERIA

A

Environmantd Bvdugion

Asaguidetotheevdugtion of the hezards posed by work placeexposres NIO3H fidd 9af enploy
environmantd evaution aitariafor theassessmant of anumber of dnamicd and physicd egats Thee
aiteiaareintended to uggest levdsof expoaureto which most warkersmey beexposed up to 10 haursper
day, 40 hoursper week far awarking lifeimewithout expaiendng advasehedth dfeds  Itis howveve,
impoartart to natethet nat dl workerswill be pratected from edvarse hedlth ffedtsif therr exposresare
mantaned bdow theselevds A sl peroantage may exparienceadvarse hedth efedsbecause of
indvidlel susogatiballity, apre-exding medicd condition, andlor ahypersangitivity (dlergy). Inaddtion, some
hezardous sbdanoes may at in comingion with ather work place expoaures thegenerd eviromant, o
with medicationsor pasond hehitsof thewarker to produce hedlth dfedtsevenif the cooupetiond expoares
aecontrdled tothelevd s by theevdudtion aitaion. Thesecombinad efedsarenat often conddared by
theevduaionaiteia Alsd, somesindianoes areaosorbed by direct contact with the skin and mucous
mamtranes and thuspatentidly inoressethe oveardl expoare. Findlly, evdugion aitaiamey drengeove the
yearsasnaw infomation onthetoxic dfedsof an egat beoomeavalade

Thepimary sourcesof evironmeantd evdugtion aitenafar thewark paceare 1) NIOSH Gritaia
Dooumantsand Recommendad Expoaure Limits (REL ), 2) the Amarican Conferencedf Govammeanta
Induetrid Hygienids (ACGIH) Threshdd Limit Vdues(TLVS), and 3) the U.S Departmant of Lebor
(OHA) Pamissble BExpoaure Limits (FELS). Often, the NIOSH recommendtionrsand ACGIH TLVs
aelowve thenthe coregponding OSHA PELs TheNIOSH RELsand ACGIH TLVsareusLdly bessd



onmarerecant infarmaion then arethre OHA dandards The OSHA PELsmay dso berequired toteke
into acoount thefeeslity of contrdling expoauresin vaiausindLerieswherethe agantsare used, the
NIOSH-recommeanded expoaLrelimits by contregt, are besed primatily on concamsrdaing tothe
prevention of cooupetiond dissese I evauaing theexpoarelevesand therecommeanddtionsfor reduaing
theselevdsfound inthisrepart, it Should benated thet induatry islegdlly reopired to meet thoselevd sgpedfied
by an OHA FEL.

A timewdghted average (TWA) exposrerdearsto theaverage artome concentration of asudance
duinganammd 8- to 10-hour workday. Some sUibgtances have recommended hort-tam expoaLrelimitsor
aaling vdueswhich areintended to supplemant the TWA wherethare are recognized toxic effedsfrom high,
shot-temexpoares

Fomdodhyde

Fomddehydeisaadaressgeswith asrong, pungent odor detedtabled low conoantrations Itis
commonly uiilized asfamnelin, an aqueous solution containing 37-50%% fomed dehyde by weight® Itiswiddy
ussdintheprodudion of resins inthemanufaduredf many ather compounds ssapresavivee, asadgilizing
aga, and ssanembdming fluid’

Expoaureto fameldehyde can ooour through inhelation or skin ébsorpion® Theprimary non-cardnogenic
effetsassodated with forme dehyde expoare areinitation of themucous membranes of theeyesand
regardary tratt, and dlegc sanstiztion of theskin: Thefird Sgnsor symptoms naticed on expoaureto
fameldehyde, a conoanrationsranging from 0.1 to 5 ppm, arelbuming of theeyes teating, and genad
imtation of the upper resairatory pesseges Theredoes however, gopear to beagrest ded of variation
among individlds bathinterms of thair susogatibillity and tderance

Damditisdueto skin contact with fomeldehyde s uions and fammel dehyde- containing resinsisa
welHecognized prodem. Bath primaty skininitation and dlergic damatitishave beanreported® Demditis
mey gopear afew daysfalowing thecommencamant of wark or may nat gopear for anumber of years
falowing equoare®

Intwo sgparae dudies famedehyde hesinduced arareform of nesd cancer inradentsfalloming repested
inhdlation equoare®® Concam over the possible humen cardnogeniaity of formeldenyde hesprompted
vad gademdogc dudesof warkesexqposad tofomeadeyde An assodation betwean fomedenyde
expodureand canoar of the upper regairatary pessagesin humans hesrecantly beenreparted ™ Inthis
proportionete mortdlity sudy of warkersexposed to fome dehydein thegamrment indudry, agtatidicely
sgnificant excessin martdity from canoars of thebuocd cavity and comnedtivetissuewerefound. No casesof
nesd canoer wearedosaved, hoveve. Inareandyssaof aNaiond Canog Inditutedudy, "adatidicaly
nonggnificant but suggedtiveinaressefar age-adusted rdaiveerisk for buocd and pheryngedl canoar anong
anpoyesswith gregter then 05 pom avarage expoaLrein plants menufaduniing forme dehyderesins' wes
found®™

In 1984, Ulsame e d. revieved 4 animd inhdlaion dudies Noteratogenic dfedswerergported inthese
dudies™ No birth defedswerereparted in astudy whichinvolved the gpplication of fondlin to thebecks of



pregnant hempatars™ No detawerefound linking formeldenydewith teratogenic effedsinbumans: There
wasorerguat inwhich aninareesed inddence of mendirud disordars and of complicationsof pregnency ad
ddivay, werergported among womenwarkersexposad to forme dehyde & atextilefadtary inthe USSR ®
Trerdevanced thesefindingshesbean aiticzed, honever, dueto aladk of informetion regarding the
suitzhility of thecortral group and patentid confounding fedors™

In April 1981, NIOSH issued Curat Intdligence Bulletin 34, "Famd dehyde - BEvidenceof
Cadnogenidty”, DHHS (NIOSH) Pubdication No. 81-111.Y Inthishulleiin NIOSH recommendsthat
formédehyde be handed asapatentid oooupationd caranogen and thet gppropriate contrdsbeusad to
reduceworker exposreto thelowest feesibleleve.® Thisreoommendition wasbesed primarily onadudy in
which nesd cancarsdevdopad inratsand micefdlowing repested inhelation exqpoares of gopraximetdy
15 ppomfameldehyde 1N Decamber, 1987, OSHA published an amended farme dehyde ganderd,

29 CFR 1910.1048. Thisstandard reduced the PEL from 3 ppmto 1 ppm, asan8-hour TWA.2 In
addtion, al5minueshort tam exposurelimit (STEL) wes st a 2 pom. ACGIH hesgvenformddehyde
an A2 desgretion, indicating thet ACGIH consdasfame dehydeasugoedted humen cardnogen. The
ACGIH TLV for formddehydeis 1 ppmasan 8-hour TWA and 2 pomasal5minue STEL.® ACGIH
hesrecantly proposad acdling limit of 0.3 pom famd dehydein tharr naticeof intended dhengesfar
1989-1990.° Thisvduewill bereconsidared for theadopted TLV lig dfter 2 years

C. Patiaudes

Airbomed.g gangrated during gamment menufadiure cond s of dlid pertides of fetric (lint), which mey e
upadedinar andinhded. Theourat OSHA PEL for toid nussncedudt (particulaes nat athawise
regulated) is15 milligams of dut per aubic meter of ar (mgi). 2 The ACGIH TLV for total nuisancedugt
is10mgi?® Theeevdudion aitaiawareesablished to minimizemedhericd initation of theeyes nosg
throet and lungs Becauelint partidesmay contain freeor bound formel dehyde, the nuisance dudt evdlugtion
aitaiamay not begppropriae

D. AdvassRaxodudive Ouocomes

Ratesof miscarniages dillkirths birth defedts and premeture births were asoartained far current and fomer
women Rockcagleamployess Therdedf miscamiagesinthegenerd populaion isedimeted to befrom
10-25%6 dgpending upon which asoatanmant method isused and & what degethe prepgnandesare
documented® Theraedf hirth defedisisbetwean 1 and 102/ depending onwhether minor defedssuch as
lagehirthmaksareinduded®

VL. RESULTS
A, BEwviroometd
Resitsfrom theexposure monitaring far famadehyde condudied during theiinitid suvey aresowninTadle

1 TWA fomddehydelevdsrangad fromtrace (0.14 ppm) to 046 pomin PBZ ar samples and from
0.32 pomto 0.70 pominareadr samplesaatained in produdion degpatmants Althoughthesamples



ohtanedin saming aress 1 through 4 were cdllected ass areasamples; theresults can be cons dered
rgresmidived parsond expoaures asthe sampling equipment waslocated within 2 feet of the operator and
a bresthing zonehaght. Inaddtion, thefomeadehydelevdsin seving aess 1 thraugh 4 (intremidded the
pant wherethemgarity of thewarkforceislocated) ranged from 0,65 pam to 0.70 pom, showing little
vaigion Air ssmpesadlledadinthefront afficeand the conferenceroom wereconddaraly lower, 013
prmand 0.28 pom, respectively.

Fomddehydear sarding datafrom thefdlow-up arvey aedrownin Tae2 Resltsfroamthetiree
dfferent sampling methodsfar formeldehyde (liquid impingers salid sorbeant tubes and pessvemonitary) ae
shown dongwith theaveraged deafrom thetiveemethods: Ascan beseenfrom theavaraged ddia,
fomddehydelevdsranged fram 019 pomto 0.21 ppmin PBZ ar samples and from 018 pomto 0.22
ppminaeadr samplesdataned in produdion departmants: Theareaar sample colledted inthe conference
room hed aconoatration of 011 pom. Indl cases foma dehyde concentrations meeaLred on thefdlow-up
uvey of Jnuary, 1988 wearelonver then ontheinitid survey of Septamber, 1987. Inaddition, the

famnd dehyde concantraions showed much lessvatiaion among dgpartmentsand job deassfictions onthe
fdlon-up survey. Fameldenyde concantraionsin sewing aress 1 through 4 averaged 0.26 pom (using only
theimpinge deta), as compared with an average concaniraion of 068 pom found inthesesamearess onthe
intid survey, lsngthesamesamping method

Although tharewes some varidion among thefommel dehyde reauitsfrom the 3 differat ssmdingand
andlytical methods thedstashow disind trends with theimpinge method gving the highest conoantrations
and thepessve monitarsgiving thelovest concartraions: Thesorbant tuberesLitsgenerdly fdl beweanthe
impinger and pessvemonitaring reuits Al ar ssmpling results aatained fram thetwo NIOSH surnveyswere
bdow theauret OFHA PEL and ACGIH TLV far fomadehydedf 1 ppm, asan 8hour TWA.

Latent formddehydelevdsinfaic ssamplesdotaned a thisfadlity ranged fram 124 micrograms of
fomeldehyde par gram of fatric (Uiglgm) 10 1430 uggm. Patchesdf the nevy bluefalricwhichwesbang
ussd during thissurvey hed levdsof 468 ug/lgm and 280 uglgm priar to baing aured (deam pressad only) and
levdsof 124 ugigmand 161 uglgm, respedtivey, dter baing cured & 380°PF faor 15-minutes. Sudantid
redudionsin latent famme dehyde weare dotained on cured petches o falric. Thisisinageamat with previous
dudieswhich have hoan thet pog-curefaricsgenaraly rdesse morefome dehyde then smilar falrics
which have undergone the auring step before gamment menufediure®

Thereadtsd tatd dug sampling pafomed onbath thelinid and fdlowv-up arveysareownin Teble4.
Tatd paticulate conoantrationsranged from 0.17 mgin to 2.12 mg/n in PBZ air samples and fram 002
mg to 042 mg/n in areadr ssmplesdtaned & sevard locatioswithintheglant. Thehighest particiate
conoarationswere datained on thetum and tidket aperator (tums panisright Sdeout lsng avaouum
meching) and thefabric auter, a 2.12 mg/n?® and .00 mg/i?, regpediively. Although theselevdsarewll
bdow the OSHA PEL of 15mgim? andd ACGIH TLV of 10 mg/n?, both as8-hour TWAS these
evdugion aitaiamey nat beentirdy gopropristefrom ahedth Sandpaint, asfamadehyde may bepresart
onthepaticuaes

Aninfrared oedrum of theaorylic pdymer gorayed onthe edges of fatricsto prevert raveling metched thet
o ardaencepatrumd ehyl aoylaehomogpdyme. Further andyssdf thevdatilecomponantsdf this



product cdllected onadheraod tue sample dotained in the heedgpece of aglue container Sowed the
presancedf aoetone, isopropyl doohdl, ethyl aodiate, tHoutand and ethyl propencete, with minar amountsof
dhend and eyl butancete: Epidilarahydrin whichisusad inthe menufediureof thisprodudt, wes nat found
inthebuk ar sarde

A buk ar sampeadlleted on adnarood tube datained near thetwo auring ovensowved low levdsof
aodong, isoodane, tduene and pardilarogihylene: Theramaning arganic vgpor samples adllected asfull-ghift
ar samplesonthe2 oven gpardars adeam pressgpardar, and thegue grayer, howved only

1,1 1-trichiorogthene (Whichispresant inasolvent and degressing goray). The conoantration of

11 1-rdaoghanein thesesadesweas quitelow (lessthen 0.3 pom), with dl vauesfalingwell bdow the
aurent OSHA PEL far 1,1, 1 richioroethene of 350 ppm asan 8- hour TWA. TheNIOSH REL for

1,1 1-tichoroathaneis 350 ppm asa15-minute adling levd. Epidilorahydrin, eyl aodtate, t-butand,
isoprapendl, acgtone, and ethyl propencetewere nat detected onany of the PBZ charood tubear samples
toalimit of deteion of 5 ug par sample Thiscaresgpondswith levesof gadiarohydiin, eyl aodateand
thutand of lessthen 0.1 ppm.

Ontreinitid survey (Septamber, 1987), arbient tempaauresranged from 71°F to 83°F, with the highest
temparduresrecorded near the teem pressesand auring ovens: Therdaive humidity withintheplant ranged
from 48%to 68%6, with the highet value recorded in the gueroom, whichwes d o the ste of thelowest air
tampaaured 71°F. Duing the Januaty survey, ar temparauresrangad from 71°F to 8&°F, sowing litle
dfferencefromtheinitid srvey. Agan, thehighest temparaireswere recorded neer thepressssand the
ovas asexpeded. Therdaivehumidity wesconsdaradly lower, ranging from 14% by the pressesand
ovas to 3% inthesaving arees

B.Meddd

Of the 191 current employess; 188 regponded to the questionnaire, for aresponserateof 98%. Only 48 of
the 262 fomer employessreumed the quesionnaire, for aformer employeeregponserded only 18%. O
the current employesswho responded to the quetionnaire, 20waremde (11%) and of theformer
amployess 3 (6%) weremde,

Reprodudive

Among thewomen regpondants (curent and fome), therewere 386 pragnendes of which 12were
aurent pragnendesand 2 wereediopic pregnendes. These 14 have been exduded becausethe outcome
cannat bedeemined (ediopic prapnendes are exd uded because thareisno way to deemineif anonmd
pregnency would have oooured hed theegg implantad inthe uterus). Addtiondlly, onewomenwho hed
been pregrant 8 times and who hed hed 6 miscamageswas exd uded because multiple miscaiagesaremore
likdy to bedueto gandtic or anstomic causesrather then to extardl causes, Such as cooUpetiondl expoaures
ThisindvidLel hed 4 of her 6 miscariageswhile e weas nat working and then 2 addtiondl miscariegeswhhile
a Rodkcadle Shewasdsn oned the 12 curently pregnant employess



Theramaining 365 pregrandeswearedvided into three catagories besad on thewomean'sreported
empoymant datusé thetimed her pregnancy: 1) pregnendesthet coourred whilethewomenwias
emnployad & Rodkcadlle, 2) pregnendesthet ooourred whilethewomean wasworking somedlace ather then
Rackcadle and 3) pregnendestia oooured whilethewomen was nat working ouisdethehome: These
threegroupswearedhosmin order to sgparady examinethedfedson pregnancy of working anywhere
ousded thehome from theeffedts of warking spadificaly & Rodkcatle Retesof miscamiages hirth ddfeds
dillbirthsand premeture birthswere cdlaulated for eech of thethreeemploymant deus gouss Thereweare4
ssdf wins thethree seiswhich resuted in nomrd birthrsweare dassified esasingle pregrency whose
aucomeweasanomd hirth, and theane st wharetharewas onedillbirth and onenomd birth wes dassfied
asadillbirth. Sncetherewasuch apoor regponseratefor the quesionnaresant to former employess these
raeswere cdadaed both for the presant warkfarce and the presant and former workforce (Table ).

Theraesdf miscamagesin thoseworking a Rodkcastie and thosewarking dsenvhareweare 14% and 13%,
both of which aregmilar tothe nationelly reparted averagerates: Theratedf miscaniagesintregoupa
homeweasanly 3%, whichismuch lower then eqoeded inthegenerd populaion and sgnificantly lowve thenin
thosewho worked outsde the home (p=.002).

Therdesdf ather adverse cutcomes combained, induding birth defedts il birthsand preméture births were
thenexamined Among thosewarking a Rodkcadle during ther pregnancy, theralewas 42946, among those
working dseanhereit wes 3%, and anong thoseat homeit wes 6%. Sncetheraesamong thoseat hame
and thoeewhowarked dsanvharewareamilar, thesetwo groupswearecomained. Therdaiverisk of having
adillirth, apremeture birth, ar achild with abirth defect in thosewho worked a Rockcastieduring therr
pregnency, comperad to thosewho did nat work at Rodkcegtlewas 6.9 (95% confidenceintavas 36, 131,
p<.001 Hdher'sexatt tes).

When only curent workerswereevdugted, therate of miscamagesin thosewhowearewarking a
Rodkcadieduring thar pregnancy wes 21%, inthosewarking dsavhereit wes 1%, andinthoseat homeit
wasF. Therewasno datidicaly sgnificant difference bewean thoseworking a Rockcastieand those
wakingdsawvhare Theraesdf birth defedts dillbinths and prameure birthsin curent employess only were
examnedinthesamemanme asabove Therated theseadvarse autcomesinwomenwhowarked a
Rodkcadleduring their pregnency wes 33%, 5% in thosewho worked dsavhereand 6 inthosewiho
weaed home Asbeare sneetheraesinthosea hameand thosewarking dsenvherewaresmilar, they
waecombinad Therdaiverik of having adilllirth, aprameture birth, or achild with alarth defect among
aurent workerswho worked a Rodkcadie during ther pregnency, compered to current workerswho did
not work a Rockcadie, was 5.3 (95% confidenceintavas 2.2, 125, p=003 Fshe'sexadt te).

No medicd recordsregarding the birth defedsware reviewed, but acoording to the desription of thesebirth
Odfedtshy themathars 5 of the 7 thet coourred inwomen who became pregrant while e Rodkcagiecould
bedasdfiedassmgar. A dsoussonwithagendtiad from the Universty of Kentucky who deffsasatdlitedinic
inthe Rockcadie areaconfimmed thet thereware sevard mgjar hairth defects during thetime peariod in queetion,
1985-1936.

A numbe of ather fadtars can leed to adverse outcomes of pregnendes induding smoking, doohd use uedf
medcations and the presancedof somediseases auich asdisbaes Thearewasno sgnificant dfferenceinany
of these ather factars betwean thosewho warked a Rodkcadiewhile they were pregnant and thosewho dd
not.



VII.

Anevdugionwasmededf wharetheindvidua sworked who hed an advarse autcomewhilewarking a
Rodkcadle Thareweasno differencein thedidribution of jabsbetween thosewho hed anomnd pregnancy
whileworking a Rodkcadtie and thosewho hed an adverse cutcome whileworking & Rodkcedle (Takle 6).
Theratein sanving, 50%, wheremodt of the advierse outcomes oocurred, was nat Ubdantidly greter thenthe
oveadl raedf 42%.

Anevdugtionweasmedeto deamineif thereweasaconoantration of adversereprooudive cutcomes during
awytimepaiod FHgureldowsagegohof theoccurencedf thesehirth defedts dlillbirths and pramature
hirthshy theyear of coourence. Therewesasharp increesein these advarse cutcomesin 1986.

Musauoskdetd and Other Heedth Comlants

Therealtsfor thequesions conceming musauloskddd complaintisand ather helth complantsweare
tebulated for curent employess only. Onthemusouloskded complants workesweareasked toraeeech
complantonascded 1105 (1=never and S=dways). A postiveresponsewasddined ssanasive of 4
ar 5. Thepropartions of postiveregponssswere cdlaulated and canbefoundin Teble 7. Mog of the
complantsinvaved the nedk, shoulder, bedk and legs as compered to thearms and hends

For thequedions conoaming initation, workerswere asked to mark thefrequency of thar symptoms
(1=rever to4=mod days). A positiveresponsewasasymptom thet cocured onmod days Thesereaudts
canbefoundin Teble8. Themod common symptomsreparted indudied those assodiated with upper
reqaraory tract imitation, eyeimitation, heedechesand skinimitation

DISCUSSON

A redudioninfarmeldehydelevdsin PBZ and areadr samplesweas noted on thefdlow-up sunvey. Thissurvey
waspafamed dter ssvad ventilation dnengeshed beaningtituted, induding anincreeseinthreamount of dilution
vatilation and ingtdllation of local exhaud vertilation ebovefly pressand deem presstebles Formeldehyde
concantrationsin saving aress 1 through 4, wharethe mgarity of theworkforceislocated, averaged 0.63 pomon
theinitid survey and 0.26 ppm onthefaloa-up survey. Inaddtion, theexposrerangewasimuch narower onthe
fdlon-up aurvey, Liggesting thet the ventilation drengesmay heveimproved ar draulaion and mixing withinthe
plart. It shoud benated, however, thet thesefamiadehyde messrementswere mede d onepaint intimeand may
nat reflet ssesondl vaidtions: Fedarswhich mey dfedt formeldehydelevdsindudeambiant temparauread
humidity, vdumed dored felric and drengesinresinfinising formulaions

Although thefameldenydelevds mesaured duing thissunvey weredl bdow the OSHA PEL aad ACGIH TLYV of
1 pom, asan 8hour TWA, dfatsto futher reduicefamddenydelevdsdoud continueinan efat toachievethe
lowed feesblelevd, asfameadehydeis conddared apatentia humen caranogen. A continued redudionin
fameddhydelevdswill dso hdp minmizecomplantsd eye, noss, and thraet imitation, which can beexpaiaoad &
vay lowlevds

Aspreviody nated, reauits from the sdeby-9de Bacherach Airscart Formd denyde Exposure Monitarsgave
omend lower reslitsthen the ather two established ar ssmpling methodsfar fameddhyde. Therewassome
difficity in determining the adud fomeldehdye conoartration datained with themonitars dueto unevengtan
devdopmat Theemonitarsulilizethe prinapledf nudestion and aydd growth, wherey farmeldehdyelisreeted
withinthemonitar, foming aaysd ssad thet goavswith theaddition of adeve oper dlution. Thedifficuity in



asessng thelength of gain (for direct reeding of fomaldehyde conoantration) wes conveyed to thefirmwhich
makesthisprodud. Thisresited in devdgoment of anew film having athidker coeting:

Whilemod latent forme dehydelevdson falric ssmples adlledted & thisplant werebd o 500 uglgm, onesample
resited inafomedenyderdessed 1430 uyigm, consdaradly higher thentelevd of 2000 ugigm goeafied onthe
resnfindhe’'smetaid ey detadest.

Joswhich reuited inthe grestest patticulate exposrewere the auiting gperation (1.00 mgin®) and tum and ticket
oparation (212 mg/n). These patticulate concantrations arebelow the eveluation aritarion for totd nuissncedus.
However, thisdus mey presant an additiond sourcedf faomealdenyde eqposreand istherdfarenat Smply a
nussncedd. Thareisaconcam thet thisedditiond famme dehyde source mey contributeto symptoms of initation as
wdl. NIOH ispresantly evdugting amethod for mesaring low levdsof fameldehdye physicaly edsorbed onto
theaufacedf paticuaes or cnemicaly boundinthepaticlae Further ressarchisnesded in assessing potentid
expoaresand hedth effedsfrom thisexposresource

Levdsaf arganic vgparsfound on FBZ and areaair samples (using dharaod tubes) werevay low. Thearly
subdance presant abovethelimit of detedtion on PBZ ar samplesdatained onthegue graye, thetwo oven
opardars and apressopardar, was 1,1, 1-trichlorogthene. Indl cases thissubdancewas presart & levdsmore
then 1000 timesbdow the OSHA PEL. Thardfare inhdation of thissubgtancewould nat beexpedted toreauitin
aveehadth dfets

Theraaltsof thequesionrareshow thet therewas aditidicdly sgnificant devated rate of hirth defedts illbirths
and prareure birthsinwomen who were pregrant whilewarking & Rodkcadie compered withwomenwho were
pregnent whilewarking dsawvhare and with women pregant nat working outsidethehome: Thereweasadudiering
of theseadvarse outoomesin 1986. Mog of thewomenwhowark & Rockcadleareinthe seving arees, and there
wasno sgnificant differenceinwork areabatwean thosewho hed adverse pregnency outcomes and thewarkforce
asawhde

Foma empoyesswearesuveyed inarder to dgamineif womenwho left andoymeant hed smilar prademsto
thosedill warking. Urfartunatdy, the responseratefrom famer employesswiastoo sl to assessthis Themgor
hias presanted by exduding fomer warkassisthet women who hed nomd pregnendes meay have stopped
working to carefar thar dhildren. Whenthereisalow responseratefrom fomer employess the concamistinet
thosewho hed apradem aemarelikdy to haveregponded. Thardfarg itisdifficuit to deeminehow acouratethis
devated rateiswithout knowing the cutcomes of pregrendesamong theformer warkerswiho did nat respond to
thequetionnaire

Anexcessdf birth ddfedtsand ather advarse pregnancy outcomesamong asmdl group of warkeasisatencdled a
"dude”. Itisdfficut tolook & asngegoup of warkesand ddeminewhether andevatied raeisduetoan
expodrear tocoinddencedone Onceadatidicd assodation hesbean damondrated, thefindingsneedto be
compared to ather Smilar sudies Wedo nat know of any repartsaf Smilar adverse pregnancy outcomesin
women exposad toformedeyde The conoantraions of formeldehyde and ather arganic vgpars are prolaebly
lonver now thenthey hed beninthe pet, asaresLit of coninuingimprovemanisin vartilaion and theuse of resins
thet rdeeselessformedenyde However, it isnat possbleto deeminewhe pest exposreswere, asindudrid
hygenessrpingddaaenat avalade Thegueand deaning fluidsused a thisfadlity hed repartedly nat bean
chenged sncethe plant'sinogation (with theexagation of thedeaning fluid thet wes chenged &iter theinitid NIOSH
inveiggtian).



VIII.

A numbe of hedth complanisweareexressad by employess Becausemodt of thesymptoms coour to mogt
peoplea sometime, for the purposes of our Srvey asymptomwes congdered presant only i it wiasreported to be
frepquet ("dmod dways' o "dways' for musouloskded complaints and "onmod days' far theather symptos).

Approximady onethird of theworkersreparted peinin ther shoulders nedk, badk, andlegs: Although nat the
primery focusaf aur evaution, we dosaved avkward postionsamong theworkes: Detaled ergonomic
evdugionsinather gamant menufeduning faalitieshave found thet thesetypes of anvkward postionscanreautin
compaintsand canleed to anumber of medicdl conditions such astendonitis bursitis dronicbedk srain, and
vaicosevens?

Other hedth complaintsfreouently reported wereimitation of theeyesand nosg, aswell asheedechesand kinrash,
Expoauresto forme denyde eveninlow concantrations can leed to thesetypes of complants?

RECOMMENDATIONS

Sncetheinitid NIOSH invedigetion, meny veertilation and warkpradiice drengeswere mede, somedf which hed
bean recommended by the NIOSH invedtigatars: Further dnenges havee bean mede snce the ssoond NIOSH vist,
induding theinddlation of locd exhad vertilaion & thepaint of deem gengrdtion a thefly pressddions These
dengeshaveimproved warking condiionsa thisplart. Thefdloning addtiond recommandationsaredifeed to
further reducetheforme dehyde eqooaure patartial, to minimize patartia ergonomic hezards and to monitor future
rgarodudive outcomes of Rodkcadle Manufeduring employess

1  RodcatieManufaduning shoud continueto wark with thetextilefiniding compeny which apdiesthe
pod-curefaicsto enaure uilization of resn sydemsdffeing lower formedehyderdesse. Rodkcadieshould
dso repuet thet thefingher sy fomia dehyde rd eese detaon random fabric samples asaquelity contrd
meeare Inaddtion, theposshility of using precurefaaics (which may havelower farmeldenyderdeese)
shoudbeexqplaed

2. Paiodicexpoaremonitaring far fomeadehyde should be pafamed, teking into conddaration potentid
ses0rd vaidionsinfomddehydeleds  Bxpoaure monitaring should dso becondudted dter vertilation
dhengesare mede, when new resin trestments are usad, and fdllowing ather wark pradtice dhengeswhich
mey dfedt arbomefamedehydelevds

3. Thequediomdredaaindcated alargenumber of complantsof theshoulder, nedk, bedk, andlegs To
redicethe patentid for devlopment of cumulaive traumadisordars an ergonomic evalugtion should e
pafomed a thisfadlity. Thisispaticuaty impartart, inlight of planned eqpangon and renovation adiviies
(inddlation of new auing ovens dimingtion of guegraying gperation, increesing thesze of theplart, €c).

4.  Sneethisevdudtionfound aduder of advarsergrodudive outoomes asurvallancesydgem shaud be
edablidhed toddemireif thistrend continues. Augierscan bedueto anumber of fediorsand the continued
uvdllanced pregnendesshould differentiste an angaing pradem from anedueto ather factars induding
dhance
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Tabel
Formaldehyde Exppoaure Data, Rodkcadle Manufacturing, Mount Vemon, Kentucky

HETA 87-349, September 9, 1987
SampleDeiption Sargling Time SargeVdure Fomeldehyde Conoeriration TWAP

(minutes) (liters (ppm)* (pom)
Persond Bregthing Zone Air Sanples”
ovenaopaator #1 516 20 029
ovenapaator #2 511 27 030
steam pressoperaor 509 276 038
duegrayer 442 190 (014
fly pressoperator 471 246 046
ArepAir Samples”
cofaenceroom 30 644 028
fabricdoregeaea 20 1000 0k}

202 1010 046 040
boxing department 197 ®B5 041

19 N5 048 045
autingteble 197 PBV5 050

198 N0 060 05
aeal-wdts 13 65 060

198 N0 079 070
aea2- pocket st 1% 970 060

19 N5 077 069
aea3-wags bend st 19 970 060

198 N0 078 069
aead-bdtloop jic%! 970 057

198 N0 073 065
Pesaa 190 B0 049

04 1020 067 058
Press141 190 B0 047

202 1010 069 058
Press157 190 B0 048

13 65 071 060
outsdeoven (pent 190 <10 033
radk coding areg) 197 R85 051 042
gueroom () 186 B0 032
front office (by copier) 189 713) 013
autsideoven (part rack coding areg) 15 150 039

15 150 041
NIOSH Recommended Expoaurelimit (REL) Lowes FeesbleLevd
OSHA PamisshleExposurelimit (PEL) 8hrTWA 10

15minSTEL 20
ACGIH Threshdd Lirit Vaue(TLV) 8hrTWA 10
15minSTEL 20

& Famd dehyde conoantrationisexpressad in partsper million (ppm). Vauesin parenthesesindicateformadehyde concantrationsbetweantthe
limit of detection (LOD) and limit of quentitation (LOQ).

bTWA refarstothetime:weighted average conoartration over theertire sampling pariod.

© Parsondl bregthing zoneair ssmpleswere collected and andlyzed aocording to NIOSH Method 2502 (solid sorbent tubemethod). TheLOD
and LOQwere4 and 12 microgramsper sample repediively.

9 Areaair sampleswerecdllected and andlyzed aooording to NIOSH Method 3500 (impinger method). TheLOD and LOQwere04and 1.3

micogranspa sanple regpedtivey.



Tdde2
Compaison of Fomdldehyde Air Sampling Resuits
Using Sdlid Sorbent Tubes Liguid Impinga's
ad PadveMonitars
Rodckcadle Manufaduning
Mount Vemon, Kentudky
HETA 87-349

January 13,1988

FORMALDEHYDE CONCENTRATION (ppm)?

SampleLocation/ Sarding Time - Sorbent Tubes Liqud Passve
or Job (minues A B Impinge Monitor
Cutter 436 PP 020 020 0.16
PressOparaor 438 02 0.15 025 015
Hy PressOperdor 423 020 021 023 018
Areal - Hip Pocket 503 0.18 0.15 023 015
Area2-HontPocket 501 015 0.15 025 0.16
Area3-WadBad St 442 0.19 022 0.28 015
Area4 - Bdt Loop 443 0.18 0.18 0.28 0.16
Press139 480 0.18 021 025 (027]
OuddetreCuingOvas 4% 020 0.16 031 011
ConferanceRoom 489 012 013 0.19 ND (<0.1)
NIOSH Recommended ExpoareLimit (REL) Lonves FeesheLimit
OSHA RamisshieExpoareLimit (PEL)

8hour TWA

15minSTEL
ACGIH Threddd Limit Vdue(TLV)

8hour TWA

15minSTEL

0.19

0.19

021

0.18

0.18

021

0.20

022

0.20

011

10
20

10
20

FFomadehyde concantrations areexpressad astime-weighted averages (TWA) over thesampling periad in partspar million (ppm). Sdeby-sdear smplesweare
odlleted using threedifferent methods (1) solid sorbent tube method (NIOSH 2502), (2) licuid impinger method (NIOSH 3500), and aypessivemonitaring method
using Bacharadh* AirScan Formd dehyde ExposureManitors

ND =nonedetected.
PF=Pumpfailure



Tade3

Laeat Fomdddyde Levdson Resn-Tregted Febrics

Rockcadle Manufeduning
Mount Vemon, Kentudky
HETA 87-349
September 9, 1987

Fexic Laent Fomddehyde
Dexxiption gt
navy blue- dored & the plant for
lessthenaremont

deam pressd only 463

geam pressad and cured @ 350 Ffor 15-min. 124 (73 5% reduction)
navy blue- dored & theplant for
>60cays

deam pressad only 280

deam pressed and cured @ 350 Ffor 15-min. 161 (425% reduction)
angddgemn- leghof doregeurknoan

not pressad or cured 312
dushhlak - leghd gorageurknoan

not presssd or cured 244
brown - length of dorageunknoan

not pressad or cured 219
royd due- length of soregeurknoan

not presssd or cured 1430
dak green- lengh of sorageurknoan

not pressad or cured 382
white- legh o dorageunknoan

not presssd or cured 163

4L aat fomedehydelevdsare equressad ssmiaograms of fammeldeyde par gram o fabric (UyQ).



Sade Sade
Degiption Typst
September 9, 1987

Soreader PBZ
Cuter PBZ
Martenence (svegang) PBZ
Tum& Ticket Operator PBZ
Wets(by meching A
Jnuary 13 1988

Tun& Ticke Madine A
Areal A
Area3 A
Cuting Teke A
NIOSH Recommended ExposLre Lt (REL)

Tdde4

Tatd Paticulate ExposreDaa
Rodckcadle Manufaduning
Mount Vemon, Kentudky

HETA 87-349

413

413

OSHA Ramisshle ExpoaureLimit (PEL) (Nusance Dus)

ACGIH Threshdd Lirrit Value(TLV) (Nuisnoe Dus)

2PBZ = paord bregthing zonear sanple A =aeadr sample
b Totd particulate conoantration iseqoressad inmilligrams of oLt per
audic e of ar (mgh') asatime:weighted average over the

sarping peiod

Sde
Vdume
(it

8

8

g 8 B R

Tod Paticude
Conoantration
(mg/3P

017

100

029

212

042

012
013
013

002

noneetablished

10



Emdoymat Saus
during pregnency

Rockcagle
(2B pregnandes)

Woarking but Not
a Rodkcadle

(91 pregnendes)

Nat Working
(246 pregrand ey

Emdoymat Saus
auring pregnency

Rockcagle
(19 pregnendes)

Woarking but Not
a Rodkcadle

(71 pregnendes)

Nat Working
(206 pregnendies)

* These propartionsare besed onthetatd number of prepnendesthet dd nat edinamiscariege

Table5
Proportionsof Adverse Rgaroductive Outcomes

RockcadieManufaduring

Mount Vamon, Kentucky
HETA 87-349

January, 1988

Curent and Former Workers (365 tatd prepnendes)

Miscariages Birth Defeds* Slillirths*
14% 2% 4%
13% 4% 0

P 2% 2%

Curat WoarkasOnly (296 tatd pregnandes)

Miscariages Birth Defeds* Sillirths*
21% 13% ™0
15% %0 0

P 2% 2%

Pramaurer

13%

1%

Y]

Pramaurer

13%

2%

4%



Presing

Saning

Ingoeding

Fetric Qutting

Tale6

Reteof Adverse Outcomes
WhileWomen Were Employed At Rodkcadie
By Wark Area
Rockcadle Manufduning
Mount Vemon, Kentudky
HETA 87-349
January, 1988
Pregrendesreaitingin
All Birth defedts Slillbirths,
Pregnendes Or Prareurebirths
Number % Number %
3 2% 0 %
2%
16 67/% 8 50%
67%
2 8% 1 50%
8%
1 1% 1 100%



Tade7

Retesof Musoulaskdetd Complants
Among Curent Rodkcagie Employess
RockcadieManufaduring
Mount Vamon, Kentucky
HETA 87-349
January, 1988
Cargaint Proportion Who Reparted Symptons
Shouder Pan 3%
Nek Pan 3%

Lower Badk Pan K]
UppeBakPan  34%
LegPan 33
Foream Pan 19%
Hand Numbness 176
Bbow Pan 15%



Carylart

Freguent Sezing
BumngByes
Rumy Nose
Sinragh
BuningNose
Heedache
Lightheededhess
Sore Throet
RngnginEas
Nausa

Somech Cramps
Fanting

Vamiting

Tade8

Ratesdf Imitation Complants
Among Curent Rockcadle Employess

Rockcadle Manufduning
Mount Vemon, Kentudky
HETA 87-349

January, 1988

Rropartion Who Reparted Symptoms

28%
2%
24%
24%
23%
2%
1%
10%
P
P
Y4
1%
<1%



Rockcastle Manufacturing

HETA 87-349

, Number of Births
sl
5k
4l
3t
o |
! I
il B .

81 82 83 84 85 86 87

B \ormal Births __ Adverse Qutcomes

Figure 1--Pregnancy outcomes for Rockcastie Manufacturing employees from 1981-1988.
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